ABSTRACT Background: Sugar-sweetened soda consumption is consistently associated with an increased risk of several chronic inflammatory diseases such as type 2 diabetes and cardiovascular diseases. Whether it plays a role in the development of rheumatoid arthritis (RA), a common autoimmune inflammatory disease, remains unclear. Objective: The aim was to evaluate the association between sugarsweetened soda consumption and risk of RA in US women. Design: We prospectively followed 79,570 women from the Nurses' Health Study (NHS; 1980 and 107,330 women from the NHS II (1991)(1992)(1993)(1994)(1995)(1996)(1997)(1998)(1999)(2000)(2001)(2002)(2003)(2004)(2005)(2006)(2007)(2008)(2009). Information on sugar-sweetened soda consumption (including regular cola, caffeine-free cola, and other sugar-sweetened carbonated soda) was obtained from a validated food-frequency questionnaire at baseline and approximately every 4 y during follow-up. Incident RA cases were validated by medical record review. Timevarying Cox proportional hazards regression models were used to calculate HRs after adjustment for confounders. Results from both cohorts were pooled by an inverse-variance-weighted, fixed-effects model. Results: During 3,381,268 person-years of follow-up, 857 incident cases of RA were documented in the 2 cohorts. In the multivariable pooled analyses, we found that women who consumed $1 serving of sugar-sweetened soda/d had a 63% (HR: 1.63; 95% CI: 1.15, 2.30; P-trend = 0.004) increased risk of developing seropositive RA compared with those who consumed no sugar-sweetened soda or who consumed ,1 serving/mo. When we restricted analyses to those with later RA onset (after age 55 y) in the NHS, the association appeared to be stronger (HR: 2.64; 95% CI: 1.56, 4.46; P-trend , 0.0001). No significant association was found for sugar-sweetened soda and seronegative RA. Diet soda consumption was not significantly associated with risk of RA in the 2 cohorts. Conclusion: Regular consumption of sugar-sweetened soda, but not diet soda, is associated with increased risk of seropositive RA in women, independent of other dietary and lifestyle factors.
INTRODUCTION
Rheumatoid arthritis (RA) 5 is the most common autoimmune inflammatory disease, characterized by persistent synovitis, systemic inflammation, and autoantibodies [rheumatoid factor (RF) and anticitrullinated peptide antibodies (ACPAs)], and affects w1% of adults, mostly women (1, 2) . Although the etiology is not completely elucidated, RA is generally considered to be a multifactorial disease, caused by both genetic factors and environmental exposures including lifestyle and dietary risk factors (1, (3) (4) (5) . Cross-sectional studies have documented a high prevalence of metabolic syndrome and associated factors such as obesity, dyslipidemia, or impaired glucose metabolism in patients with RA (6) . The incidence of type 2 diabetes (T2D) and cardiovascular disease (CVD) is greater among patients with RA (7, 8) , suggesting that the etiology of RA may have some overlap with the development of these chronic inflammatory conditions. Although many dietary risk factors have been identified for T2D and CVD, whether these dietary factors are also related to RA remains unclear (5, (9) (10) (11) . Sugar-sweetened sodas are the primary source of added sugar in the American diet, which may contribute to the development of T2D and CVD by inducing obesity, insulin resistance, and inflammation (12) , all of which are also in the etiologic pathway of RA. Therefore, we examined the association between sugar-sweetened soda consumption and risk of RA.
To our knowledge, no previous study has explored whether soda consumption is associated with the risk of development of RA. We therefore investigated the relations between sugarsweetened and diet soda with RA risk in 2 well-established large cohorts of young and middle-aged women, with a series of lifestyle and dietary factors controlled for.
SUBJECTS AND METHODS

Study population
The Nurses' Health Study (NHS) was initiated in 1976 and comprised 121,700 female registered nurses, aged 30-55 y at inception. The NHS II was established in 1989 and consisted of 116,671 female registered nurses, aged 25-42 y at the study's initiation. The participants in both cohorts responded to a baseline questionnaire about their lifestyles and medical histories and were followed biennially through validated questionnaires that obtained updated information on their medical history, lifestyle, and occurrence of chronic diseases. Follow-up was complete for .90% of participants for every 2-y period in the 2 cohorts (13, 14) . The baseline for this analysis was 1980 for the NHS and 1991 for the NHS II when dietary information was first collected with the use of the validated food-frequency questionnaire (FFQ) .
In this analysis, we included women who completed the 1980 FFQ for NHS and the 1991 FFQ for NHS II with ,70 missing items and total energy intake between 500 and 3500 kcal/d. We censored all women at the date of self-reported psoriasis, psoriatic arthritis, and connective tissue disease that was not subsequently confirmed as RA at the self-reported date. Women lost to follow-up were censored at their last response to questionnaires because incident cases could not subsequently be identified. In addition, cancer or its treatments may alter the immune system, and the secondary symptoms (eg, joint pain from paraneoplastic syndromes) may change the diet and physical activity. We therefore excluded participants with a history of cancer at baseline and censored incident cancer cases at the selfreported date in the analysis. After exclusions, there were a total of 79,570 NHS participants and 107,330 NHS II participants for this analysis. All aspects of this study were approved by the Partners Health Care Institutional Review Board.
RA case identification
The ascertainment of RA cases in the NHS and NHS II was a 2-step process. The connective tissue disease screening questionnaire was mailed to participants who self-reported a new physician's diagnosis of RA (15) . Two board-certified rheumatologists trained in chart abstraction conducted independent medical record reviews according to the 1987 American College of Rheumatology classification criteria of RA (16) . The serostatus of RA was determined by positive RFs or ACPAs in the medical record. Detailed RA assessment procedures have been described elsewhere (17, 18) .
Assessment of soda consumption
Since 1980 and 1991, the FFQ has been administered to NHS and NHS II participants, respectively, to collect information on their usual intakes of foods and beverages over the previous year. Starting in 1980, participants were asked how often during the previous year they had consumed sugar-sweetened soda ("Coke, Pepsi, or other cola with sugar" and "other carbonated beverages with sugar") and diet sodas ("low-calorie cola with caffeine," "low-calorie caffeine-free cola," and "other low-calorie beverages") with the use of standard portion sizes (1 standard serving, cup, glass, can, or bottle). There were 9 possible responses that ranged from never or less than once a month to $6 times/d. Total energy and nutrient intakes were calculated by summing energy or nutrient intakes from all foods. We summed the intakes of single items to create a total of sugar-sweetened soda and diet soda. A previous validation study in participants in the NHS found reasonably high correlation coefficients for most of the dietary factors. For example, the correlation coefficients between the FFQ and multiple dietary records were 0.84 for Coke (Coca-Cola Company) and Pepsi (PepsiCo) colas and 0.36 for artificially sweetened beverages (19) . We used cumulative average estimates of soda consumption to reflect long-term dietary habits and to reduce measurement error (20) . Previous studies suggested that inflammatory biomarkers of RA are elevated before the development of RA (17) , and patients with preclinical RA typically have early symptoms such as joint pain, which may lead them to change their usual diet. To reduce the possibility of such reverse causation, our primary analysis was a lag analysis in which soda intake was used to predict incident RA that occurred at least 2 y later. For example, to predict RA incidence during the 1992-1994 time period, we used cumulative soda intake that was obtained by averaging the daily consumption reported between 1980 and 1990 (excluding the 1992 measure, the most recent exposure).
Assessment of covariates
In the biennial follow-up questionnaires, we used time-varying information on a participant's age, body weight, smoking status, menopausal status, use of postmenopausal hormone therapy, multivitamin use, oral contraceptive use, and history of chronic diseases. Information on alcohol consumption, physical activity, census tract family median income, parity, breastfeeding status, and age at menarche was also collected in both cohorts. All information on covariates was self-reported on the mailed questionnaires administered every 2 y since 1976 in the NHS and since 1989 in the NHS II. BMI was calculated as weight in kilograms divided by height in meters squared. In the NHS, recreational physical activity was measured biennially beginning in 1986 with a validated questionnaire that asked about the average time spent on 10 common activities. In the NHS II, similar measures were performed in 1989, 1991, 1997, 2001 , and 2005. The information was summed and calculated as weekly energy expenditure in metabolic equivalent hours weighting each activity by its intensity level (21) . We used an Alternate Healthy Eating Index, a score that measures adherence to a diet pattern on the basis of 11 foods and nutrients most predictive of reduced disease risk in the literature, to adjust for healthy dietary pattern (22) .
Statistical analyses
Time-varying Cox proportional hazards models were used to examine the associations between sugar-sweetened soda consumption and risk of all RA, seropositive RA, and seronegative RA. Separate models were used to examine the associations between diet soda consumption and risk of all RA, seropositive RA, and seronegative RA. Baseline characteristics were presented as means 6 SDs for continuous variables, and percentages were used for categorical variables. Cumulative average soda consumption was included in the model as a time-varying exposure and updated until 2 questionnaires before RA diagnosis (excluding the most recent questionnaire); similarly, age, smoking status, physical activity, alcohol consumption, postmenopausal hormone use, dietary variables, and BMI were included in the multivariate model as time-varying covariates.
Soda consumption was first included in the model with 4 groups (,1 serving/mo, 1-4 servings/mo, 2-6 servings/wk, or $1 servings/d) on the basis of previous studies (13, 14, 23) ; ,20, 20-22.9, 23-24.9, 25-29.9, or $30), diabetes history, multivitamin use, Alternate Healthy Eating Index (quartiles), and total energy (kcal, quintiles). To examine whether the association between soda consumption and RA was mediated by weight gain, we further adjusted for weight change in the model. The weight change was calculated as the difference between current weight and weight in 1978 for the NHS and weight in 1989 for the NHS II and was categorized into the following 5 categories: 22 kg or less, 21.9 to 1.9 kg, 2-9.9 kg, 10-19.9 kg, or $20 kg. Because the participants in the NHS were older than participants in the NHS II in which RA cases mostly developed before age 55 y, we developed separate models for the RA cases diagnosed at or before age 55 y and after age 55 y in the NHS to evaluate whether the association between soda consumption and risk of RA varied between earlyand late-onset RA. A test of heterogeneity (Q statistics) was performed to evaluate whether the association was different for the cohort assuming a linear relation between soda consumption and risk of RA. We also assessed the interactions of soda consumption with smoking pack-years (cutoff of 10 pack-years) to evaluate the potential effect modifications of smoking status. The log-likelihood ratio test was used to calculate P values for interaction. The proportional hazards assumption was tested by including an interaction term between soda consumption and the follow-up time in the Cox proportional model. The proportional hazards assumption was valid in both cohorts (P-interaction = 0.79 in the NHS and 0.94 in the NHS II). Similarly, we also did not find the proportional hazards assumption violation with other covariates in the model.
We performed several sensitivity analyses. First, we used updated time-varying soda consumption (excluding the most recent diet assessment) instead of the cumulative average to assess the association of short-term soda consumption with RA risk. Second, we analyzed soda consumption without a onequestionnaire cycle lag to evaluate the robustness of the primary lagged analysis. Another sensitivity analysis was performed for fruit punch and noncarbonated sweetened beverages instead of only soda as a sugar-sweetened beverage analysis. We also assessed the association between fruit juice consumption and risk of RA. In addition, we tested whether including participants with self-reported cancer in the analysis would affect the interaction by smoking. Finally, we evaluated the substitution effect of several other beverages (diet soda, fruit juice, tea, whole milk, and skim milk) for soda on risk of RA. We estimated the association of substituting a serving of one beverage for another by including both as continuous variables in the same multivariable model. Differences in their b coefficients were used to estimate the HRs for the substitution association, and their variances and covariance matrix were used to derive the 95% CI (20) .
The inverse-variance-weighted, fixed-effects model was used to combine the results from 2 cohorts. All statistical tests were 2-sided and performed by using SAS 9.2 for UNIX (SAS Institute).
RESULTS
During 3,381,267 person-years of follow-up (28 y for the NHS and 20 y for the NHS II), we documented 857 cases of RA (559 cases in the NHS, 298 in the NHS II). The age-standardized baseline characteristics of the study population by amounts of sugar-sweetened soda consumption are shown in Table 1 (24) . For both cohorts, women who consumed more soda tended to have lower census tract median family income, lower levels of physical activity, lower alcohol and artificially sweetened beverage consumption, higher total energy intake, and poorer diet quality and were less likely to start menarche before age 12 y. Cigarette smoking, oral contraceptive use, and parity, breastfeeding, and postmenopausal status tended to be similar across soda categories. Although higher soda consumption was associated with lower multivitamin and hormone use in the NHS, a similar relation was not observed in the NHS II.
The association between soda consumption and risk of RA is shown in Table 2 . The incident rate of RA was 30 cases per 100,000 person-years in the NHS and 20 cases per 100,000 person-years in the NHS II. Higher soda consumption was significantly associated with increased risk of RA in the NHS but not in the NHS II. Compared with ,1 serving/mo, the multivariable-adjusted HR was 1.58 (95% CI: 1.09, 2.27) for $1 servings soda intake/d in the NHS and 1.00 (95% CI: 0.62, 1.61) in the NHS II. The pooled multivariable-adjusted HR was 1.33 (95% CI: 1.00, 1.78; P = 0.067). For seropositive RA, it appeared that the association was stronger [HR (95% CI): 1.97 (1.27, 3.07) in the NHS and 1.20 (0.69, 2.10) in the NHS II]. The pooled results showed that participants who consumed .1 serving of soda/d had a 63% (HR: 1.63; 95% CI: 1.15, 2.30) increased risk of seropositive RA than did those who drank ,1 serving/mo. No significant association was found for sugarsweetened soda consumption and seronegative RA in either of the cohorts. The associations remained the same after further adjustment for weight change (data not shown).
Because diet soda was a main substitution beverage for sugarsweetened soda, we further examined whether diet soda consumption was also associated with the development of RA ( Table 3) . There was no significant association between diet soda consumption and risk of all RA, seropositive RA, and seronegative RA. These results were consistent between both cohorts.
In the NHS, only 25% of the RA cases were diagnosed before age 55 y, whereas ˃80% of cases in the NHS II were diagnosed at ,55 y of age. Consistent with the NHS II, no significant association was found when we restricted analyses to those with earlier seropositive RA onset (at or before age 55 y) in the NHS. For cases diagnosed after age 55 y, a stronger association was observed in the NHS (HR: 2.62; 95% CI: 1.55, 4.43 for $1 servings/d compared with ,1 serving soda/mo) after adjustment for a series of lifestyle and dietary covariates ( Figure 1) . The P value for test of heterogeneity (Q statistics) was ,0.001. The results for the NHS II were not shown because only 61 cases occurred after age 55, so the multivariable-adjusted model did not converge. The sensitivity analysis with the use of updated time-varying soda with lagged analysis showed an association similar to the main analysis, but the associations were attenuated in both cohorts. The pooled multivariable-adjusted HR for the comparison of the highest consumption category to the lowest consumption category for seropositive RA was 1.51 (95% CI: 1.03, 2.22; P-trend = 0.045) (Supplemental Table 1 under "Supplemental data" in the online issue). Similar results were also observed in the analysis that did not use the lagged design (which included the most recent exposure), and the pooled multivariable-adjusted HR was 1.48 (95% CI: 1.03, 2.13; P-trend = 0.02; data not shown). In the NHS, we found that the association of soda intake with RA risk was stronger among smokers with $10 pack-years compared with nonsmokers or light smokers with ,10 pack-years (P-interaction = 0.02). For women with pack-years $10, those who consumed .1 serving of soda/d had a 2-fold increased risk (HR: 2.00; 95% CI: 1.22, 3.29) of developing RA than did those who consumed ,1 serving/mo, whereas for those with ,10 pack-years the corresponding HR was 1.23 (95% CI: 0.70, 2.14). However, we did not find any effect modification of smoking in the NHS II population. The P value for interaction did not change much in the analysis that included self-reported cancer. We also did not observe any significant interaction for alcohol consumption and BMI. After including fruit punch with sugar-sweetened soda for total sweetened beverage consumption, the observed association was attenuated to borderline statistical significance for seropositive RA. The pooled multivariable-adjusted HR for comparison of the highest consumption category to the lowest consumption category was 1.32 (95% CI: 0.96, 1.82; P-trend = 0.049; data not shown). We did not observe a significant association between fruit juice consumption and the risk of RA.
In the substitution analysis, substituting 1 serving of sugarsweetened soda with 1 serving of skim milk was associated with a lower HR for seropositive RA of 20% (95% CI: 4%, 33%) (Supplemental Figure 1 under "Supplemental data" in the online issue). Substituting water, milk, tea, coffee, fruit juice, or diet soda was not associated with significantly lower HRs for seropositive RA.
DISCUSSION
In these 2 large prospective cohorts, each with .2 decades of follow-up, women who consumed more sugar-sweetened soda had an increased risk of seropositive RA but not seronegative RA. It appeared that the association was stronger for RA cases diagnosed at later ages. Diet soda consumption was not associated with the risk of RA in either of the cohorts. We did not observe significant associations between soda or diet soda consumption and the risk of seronegative RA.
Although numerous studies have shown associations between sugar-sweetened soda and the risk of T2D and CVD (13, 14, 23, 25) , this is the first study, to our knowledge, to provide evidence that soda consumption may also play a role in the development of RA. The mechanism underlying this association is not completely understood. Sodas are composed of energy-containing sweeteners such as high-fructose corn syrup and sucrose and are thought to be associated with an increased risk of T2D and CVD through weight gain, insulin resistance, and inflammation (14) . However, in our analysis, the association was not attenuated after adjustment for weight change from baseline and current BMI, suggesting that the deleterious effect of soda on RA development might not be through weight gain and obesity. A possible role of sugar in the etiology of RA may be through increased risk of infection. Published literature implicated refined dietary sugar, particularly sucrose, as a key causative agent in the development of periodontal infectious disease, which may share common pathologic mechanisms with RA (26, 27) . There is also moderate evidence suggesting that infections increase the risk of RA (28) . Exposure to infection may act as a trigger for RA, and a number of agents have been implicated; however, the epidemiologic data so far are inconclusive (29) . The pathophysiology of RA involves several inflammatory cascades, which lead to the overproduction of many cytokines such as TNF and IL-6, and results in subsequent synovial inflammation and joint destruction. A recent study linking soda intake with coronary artery disease risk assessed cross-sectional associations between soda consumption and biomarkers and found that intake of soda was associated with significantly higher C-reactive protein, IL-6, and TNF receptor 2 1 HRs were calculated by using time-varying Cox proportional hazards models. Sugar-sweetened soda included regular, caffeine-free cola, and other sugar-sweetened carbonated soda. NHS, Nurses' Health Study; RA, rheumatoid arthritis.
2 P-trend values were derived from tests of linear trend across categories of soda consumption by treating the median value of each category as a continuous variable.
3 Adjusted for age, census tract median family income (quartiles), cigarette smoking status (never; past; current, 1-14 cigarettes/d; or current, $15 cigarettes/d), alcohol consumption (,5.0, 5.0-15.0, or .15 g/d), age at menarche (,12, 12, or .12 y), parity and breastfeeding (nulliparous, parous/no breastfeeding, parous/1-12 mo breastfeeding, or parous/.12 mo breastfeeding), hormone use (premenopausal, postmenopausal with never use, current use, or past use), physical activity (0-2.9, 3-8.9, 9-17.9, 18-26.9, or $27 metabolic equivalent task-hours/wk), BMI (in kg/m 2 ; ,20, 20-22.9, 23-24.9, 25-29.9, or $30), multivitamin use, Alternate Healthy Eating Index (quintiles), diabetes history, and total energy (kcal, quintiles). 4 The results from the 2 cohorts were pooled by using an inverse-variance-weighted, fixed-effects meta-analysis.
concentrations (30) . These results might provide a possible explanation for the potential mechanism underlying our findings, because it was reported that the advanced glycosylation products present in the caramel coloring of soda might increase insulin resistance in animal models (31, 32) . Moreover, some studies found that insulin resistance was prevalent among RA patients, and the HOMA-IR was associated with inflammatory markers including IL-6, TNF receptor 2, and C-reactive protein (33, 34) . In addition, soda intake was shown to be associated with high glycemic load by rapidly increasing blood glucose and insulin concentrations (35) and a high glycemic load was reported to induce insulin resistance and elevated concentrations of inflammatory biomarkers (36, 37) . These lines of evidences may support the hypothesis that soda intake might increase the risk of RA by virtue of upregulating the inflammatory cytokines and decreasing insulin sensitivity.
Our results showed that diet soda was not associated with the risk of RA. Artificial sweeteners might have very different metabolic effects compared with added sugars. In a doubleblinded randomized clinical trial, diet soda was shown to be a good alternative for sugar-sweetened soda in weight control (38) . Evidence from large cohort studies suggested that diet soda consumption was not significantly associated with T2D and coronary artery disease (13, 14, 23) . Also, short-term intervention 1 HRs were calculated by using time-varying Cox proportional hazards models. Diet soda included low-calorie cola, low-calorie caffeine-free cola, and other low-calorie carbonated beverages. NHS, Nurses' Health Study; RA, rheumatoid arthritis.
2 P values for trend were derived from tests of linear trend across categories of soda consumption by treating the median value of each category as a continuous variable.
3 Adjusted for age, census tract median family income (quartiles), cigarette smoking status (never; past; current, 1-14 cigarettes/d; or current, $15 cigarettes/d), alcohol consumption (,5.0, 5.0-15.0, or .15 g/d), age at menarche (,12, 12, or .12 y), parity and breastfeeding (nulliparous, parous/no breastfeeding, parous/1-12 mo breastfeeding, or parous/.12 mo breastfeeding), hormone use (premenopausal, postmenopausal with never use, current use, or past use), physical activity (0-2.9, 3-8.9, 9-17.9, 18-26.9, or $27 metabolic equivalent task-hours/wk), BMI (in kg/m 2 ; ,20, 20-22.9, 23-24.9, 25-29.9, or $30), multivitamin use, Alternate Healthy Eating Index (quintiles), diabetes history, and total energy (kcal, quintiles). 4 The results from 2 cohorts were pooled by using an inverse-variance-weighted, fixed-effects meta-analysis.
studies found that consumption of artificial sweetener-containing food was associated with weight loss and reduced concentrations of inflammatory markers (39, 40) . Because diet soda does not provide evidence to support a role in the development of inflammation, it is unlikely to contribute to the risk of RA. An interesting finding in our study was that soda consumption was related only to increased risk of seropositive RA but not seronegative RA. Seropositive RA consists of the majority of RA cases, and w50-80% of patients with RA have positive RF, ACPA, or both (1). Compared with seronegative RA, seropositive RA has been more strongly associated with environmental risk factors such as cigarette smoking, which may induce the immunologic reaction against citrullinated peptides (41) and is also associated with a poorer prognosis (42) . Soda may contribute to the genesis of autoantibodies that lead to the inflammatory cascades which might interact with other environmental risk factors such as cigarette smoking and diet, but the detailed biological mechanism remains unclear.
In the current analysis, we found that the associations were not quite consistent in the 2 cohorts. There were 2 main reasons that might account for this discrepancy. First, our analysis suggested that soda consumption was only associated with later onset of seropositive RA. Participants in the NHS II were, on average, w10 y younger than those in the NHS. Only 17% of the RA cases occurred at or after age 55 y in the NHS II, whereas 75% of cases were later onset in the NHS. Because the relation between dietary factors and disease usually exhibits long-term cumulative effects, it might be the additive detrimental effect of soda over years that results in chronic inflammation and finally leads to the development of RA. Second, there were significantly fewer cases in the NHS II than in the NHS, which might result in insufficient power to detect the potentially different risk of RA between higher soda consumption groups and lower soda consumption groups. Accordingly, it may be possible to find a stronger association between soda consumption and risk of seropositive RA during a longer period of follow-up in the NHS II when more RA cases occur among elderly women.
In sensitivity analyses that did not exclude the most recent dietary record, the association between soft drink consumption and seropositive RA was attenuated but remained significant, suggesting that preclinical symptoms of RA may lead to diet changes and reverse causation bias in analyses that include recent diet assessment. Analysis that used updated soda consumption (excluding the most recent dietary record) also showed attenuated associations, suggesting that long-term consumption of soda might be more relevant to the development of RA compared with short-term consumption. For the interaction analysis, we found systematically higher risks of developing RA across soda consumption groups among smokers with $10 pack-years in the NHS. This result might suggest a synergic effect between soda consumption and cigarette smoking on the development of inflammation, because cigarette smoking is associated with increased concentrations of inflammatory markers (43) . In examining the relation between fruit juice and fruit punch and the risk of RA, we did not find any significant association in either of the cohorts. Unlike soda, which consists of large amounts of added high-fructose corn syrup and advanced glycosylation end products, fruit juices contain many beneficial components such as vitamins, minerals, soluble fiber, and phytochemicals that may impede systemic oxidation and inflammation (44) . Our analysis showed that skim milk might be a good alternative for sugar-sweetened soda in lowering RA risk. A previous study found an inverse association between milk products and risk of RA perhaps through the immunomodulating effects of vitamin D (45) . Although the potential biological mechanism is not known, it was reported that milk's many antiinflammatory components such as lactadherin human milk oligosaccharides and IL-10 (46) might contribute to the decreased risk of RA.
Our study had several limitations. First, the study population included only women, so whether the association could also be present in men remains unknown. Because of the nature of observational study, it is not possible to establish causality between soda consumption and risk of RA, because we may not rule out the possibility of unmeasured confounding that might affect the observed association. However, we controlled for many known RA risk factors that were also plausibly associated with soda consumption, which minimized the impact of residual confounding.
In conclusion, our findings suggest that frequent intake of sugar-sweetened soda may be associated with increased risk of later-onset seropositive RA. More epidemiologic studies are required to confirm the association and to elucidate the potential biological mechanism.
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